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(57) High surface pressure resistant steel parts and 
their produdng methods are disclosed. These steel 
parts are useful as gears, cams, bearings and simflar 
high-strength compact steel articles which are required 
to have wear resistance and strength to withstand 
fatigue in rolling or roHing-slpping appfications. In a 
steel part formed according to the invention, a fine 
nitride and/or cartx)nitride having at least an average 
grain size of 0.3 jim or less Is dispersed in the contact 
surface structure; a multi phase structure conposed of 
martensite, which is divided into extremely fm fxeces, 
forming a disoidered shape, by the nitride and/or car- 
bonitride, is formed; and a caitHde having a grain size of 
3 |im or less is dispersed to increase the hardness of 
the surfaca Such a steel part is produced by carryvig 
\out cart>onltridlng or cartxirization/carbonifrkJing so as 
to precipitate extremely fine AIN, using nitrogen pemie- 
ating frorii the surface and by carrying out quenching or 
quenching/tempering, starting from a tenperature 
region where the parent phase is austenite 
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Description 

Technical Field 

5 [0001] The present invention relates to high surfece pressure resistant steel parts and producing methods thereof. 
The high surface pressure resistant steel parts are suitably used as power transmitting parts which are required to have 
contact fatigue strength and wear resistance and examples of wWch are roiling members {e.g.» gears and bearings), the 
races of a roinng men^^ and cam components. 

10 Backgroimd Art 

[0002] In recent years, mechanical reduction gears and transmissions are increasingly required to have high power 
transmitting capability to meet the trend toward high output power, light w^ght and compactness. More compactness 
and higher sur^ce pressure strength are required particularly in gears and bearings. 

15 [0003] l-figh contact fatigue strength is also required In gears and t>eanngs used as power transmitting elements in 
automotive and construction machinery applicatioris. As a measure for erihandng surface pressure strength, a treat- 
ment such as cartxirization or nrtriding Is widely applied to gears for the purpose of surface hardening. Another measure 
such as addtion of Mo to steel is also taken to increase surface pressure strength, whereby the hardness of the surface 
as wen as resistance to softening caused by tempering \s increased A method widely used in recent years is such that 

20 a carburization or carburization/cait)onitriding treatment is applied to steel, and then, quenching and shot peening are 
canried out in order to significantly increase surface fiardness. while providing considerable compressive restduai stress 
to the steel. 

[0004] There has been reported a method in which a high density cementite phase is precipitated on the surface off 
steel through cartxirlzation thereby increa^ng surface hardness^ tempering softening resistance, and therefore surfece 
25 pressure strength. 

[0005] There has also been reported a de/elopment of highly dean steel which is designed to reduce the amount of 
inclusions with a view to the prevention of destruction due to contact fatigue, which occurs with inclusions as a starting 
point. 

[0006] As noted earlier, a metiiod, in which increased surfece pressure strengtii is achieved by carburization of steel 

so to which Mo (temperlng-softening resistant element) has been added in a larger amount than tiie conventional steels, 
is known as an attempt to increase surface hardness and to restrict a decrease in hardness due to exothermic reaction 
caused by minute shear deforniation resulting from friction and contact stress (Hertzian stress) which occur during roO- 
Ing movement or rolling movement accomparried with sliding. In practice, ttiis method, however, presents the following 
drawt)acks: In spite of enhancing tenpering-softening resistance, tiie thickness of an oil film formed on the contact sur- 

35 face deaeases with inaeases in contact stress, resulting in a significant increase nfi wear because of tiie degradation 
of lulxicating properties. This furtiier promotes exothermic reaction and contact stress, which is a cause of creation of 
destructive shearirig stres& Therefore, the desired, satisfectory improvement in surface pressure strength cannot be 
expected. Furthermore, the addition of large amounts of a tenrpering-^ftenlng resistance enhancing element such as 
Mo entaSs a consideratDle Increase in the production costs of steel materials. 

40 [0007] A known metiiod, in which intensive shot peening is applied to the surface of a caitxirized article to allow tfie 
nr^artensitic transformation of residual austenite which exists in ttie region extending from the outermost surface to a 
depth of about 200 jon below the surfece so tiiat higher surface hardness and greater conpressive residual stress are 
achieved, thereby improving surface pressure strength, does not necessarily have versatility for ttie following reasons. 
Microscopic defects are created by shots to a grain Ixnjndary oxidation layer (defective layer) which has been created 

45 during cartxirization. When the steel article is nn tfie initial stage of rolling operation, these defects bring about wear chq|> 
powder generation arKi surface roughness, resulting in an increase in wear factors. Another reason is that, oi the case 
of gears, a chip in a tootii attributable to tfie buildup of strong resklual stress as wrell as tiie presence of compressive 
residual stress adversely affects spelling resistance and. tiierefore, surface roughness causes an Increase in wear fac- 
tors, whfoh results in a decrease in surface pressure strength on the contrary. 

so [0008] There is a case where a gear is sd^jected to high-cartx>n carburization or high concentration carlHirization in 
which a high density of cementite phase is predprtated on the surface layer of tiie gear by carburizing In a different man- 
ner. There is also a case where the hardness of a bearing surface is increased basicaDy by tiie effect of cementite pre^ 
cpitation similarly to the case of bearing steel such as SLU2 in which cementite is granulated and finely dispersed, 
while tempering-softening resistance is improved by the effect of particle dispersion. However, where a high density of 

55 cementite precipitated by tiie above high cartx>n carburizatfon process, tiie precipftated cementite is large in s^e, 
namely 5 to 1 0 ^lm, so that the agglomeration of cementite is likely to occur and an extremely large scale of precipitation 
appears along grain bourKlaries. As a result, the agglomerated cementite is destroyed by a shearing force generated 
from contact stress, forming starting points from which suifa<^ defects wiO occur. If this metiKxJ is applied to manufac- 
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ture of gears, the strength of the dedendum will be deaeased. 

[0009J Attenpts have been made to fine cementite and prevent the cementite agglomeration by an improved high car- 
bon carburizatfon process or by a choice of adequate altoy elements for use in steei. For instance, Japanese Patent 
Publication (KOKAI) Gazette No. 4- 160135 (1992) discloses a method according to which the concentration of Cr is 
increased to 2 to 8 wt%. one or more elements selected from the group consisting of 0.5 to 4 wt% Ni, 0.01 to 0.5 wt% 
Nb, 0.1 to 2 wt% V, and 0.05 to 1 wt% Mo are added, and the surface carbon content after carburization s increased to 
2.0 wt% or more, whereby the carbides and carbonrtrides of V and Cr of 5 |im or less are predpitated in the region 
extending from the surface to a depth off 150 nm below the surfaca This method is, however, costly, because of the 
addition of large amounts of Cr for the purpose of facilitatir^ cementite precipitation during a carburizing phase and the 
addition of V for the purpose of restraining the agglomeration/grow of precipitated cementite. Additionally, tiie concen- 
tration of Cr, V. Mo, Mn and the like in tiie precipitated cementite causes a decrease in the concentration of these alloy 
elements in the parent phase of austenite, which leads to formation of an inperfect quenched layer due to a lack off 
quenching aWlily after caiburlzatlon. In order to prevent the fbrmation of an Imperfect quenched layer, Ni, which hardly 
concentrates in a carbide, is added and. In consequence, the material k>ecomes more expensive. 
[00101 Japanese Patent Publication (KOKAI) Gazette Na 8-120438(1996) discloses a method and material for 
restraining formation of an Imperfect quenched layer In a quenching process while emptoying less expensive alloy 
designs. In this puWfcatioa suriace carbon content fe estabBshed at 1.5 wt% or less in order to p^event tfie grow and 
agglomeration off precipitated cartndes having grain size exceeding 5 pm. Since tfie optimum carbon content is 1 .5 wt% 
or less, tiie amount of precprtated cart^ides is rather smaO, that is. approximately 7% by volume or less. In addition, per- 
meating nitrogen is not effectively utilized in predpitating carbkJes or carbonitrides but is mostiy dissolved in the parent 
phase of austenite to be utifized only for preventmg fbrmation off an imperfect quenched layer during quenching. 
[001 1 1 The method disclosed in the putrfication 8-1 20438» however, reveals tiielbllowing disadvantages. The metfiod 
of the publication does not precipitate a large amount of a cartxde (cementite) like tiie conventional high cartxMi cartxi- 
rization process. Therefore, this metiiod cannot be expected to have inproved surface pressure strength which is attrib- 
utable to improvements in hardness and in tempering-softening resistance owing to a large amount of cementrto 
precipitation. In other words, tiie formation of an imperfect quenched layer, which is due to ttie concentration of a large 
amount of quench promoting elements such as Cr and Mo in cementite and a lack of ttiese elements concentrated bi 
the parent phase off austenite. is prevented at the cost off a smaO amount off cementite predpitation. VWtfi tiiis anange- 
ment the metiKXf intends to make a l>alance between surface pressure strengtfi and rotary bending fatigue strengtti, 
but in reality, it fails to ensure satisfactory surface pressure sti-er^. A method similar to the mettiod of ttie above pub- 
lk»tion is disdosed in Japanese Patent Publication (KOKAI) Gazette No. 8-3720. Aocoiding to Na 8-3720, a large 
amount of cementite is precipitated, while Ni whfch is likely to exclude cementite and promotes quenching and Mo 
virhfch does not concentrate to a farge extent in cementite and effectively promotes quenching are added in large 
amounts in onJer to .ensure quenching properties. 

[001 2] In manufacture off shaft supporting products such as bearings, NgWy clean bearing steel is used in many cases 
in order to ensure long rolling life. To produce such dean steel, a steel material undergoes suff ident degassing at tile 
steel refining stage and undergoes many stages of desulfurization and dephosphorization with spedal slug, tfier^ 
reducing inclusions such as oxides, nitrides and sulfides. It has been reported tiiat roUing Hfe can be increased by 
approximately 10 times by use of a highly dean bearing steel In which tiie quantity of indusions such as oxides and 
sulfides of 10 to 20 pm is reduced. Low-cartx)n steel for machine structural use, which is generally used in production, 
off ordinary gears, does not ensure suffident deanness. Moreover, even if highly dean steel for machine stmclural use 
could be produced, its production cost woukJ be extremely high. Therefore, tfiere remains a need for the development 
of an economical technique whidi is capable off improving suriace pressure strengtfi, even iff a steel material having-the 
same indusipn level as that of cunrentiy manufactured steel for machine structural use is used. 
[00131 Even if the quantily of indusions cortafned In a steel can be reduced, tfie steel is liable to damage and fatigue 
starting from its contad surface, because off dust included in a Itbricating oH. wear powder, and tiie like. For produdng 
high surface pressure resistant parts, it is necessary to incorporate a surface reinforcement technique to withstand such 
^nfamination, 

[0014] The present invention has been directed to overcoming tiie foregoing problems and ttie primary object off the 
inverrtion is therefore to provide high suriace pressure resistant steel parts and ttieir piodudng methods, the steel parts 
meeting ttie trend toward Hgh strengtii and comipactness and being suited for use as gears, cams and bearings which 
are required to have wear resistance and strengtii for withstanding ttie working conditfons of rolling movement and rofl- 
ing movement acconrpanied witti slipping. 

Disdosure of ttie Invention 

10015] The above object can be accomplished by a high surface pressure resistant steel part according to tiie inven- 
tion. This steel part contains at least one off fine nitrides, carbides and caibonitrides. which is dispersed in a surface 
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staicture and has an average grain size of 3 jim or less, and has a muW phase structure composed of martensite as a 
parent phase wHch is finely divided into pieces by the dispersed sitetance. 

[001 6] According to the invention, there is provided a method of producing a high surface pressure resistant steel part 
the method compr^ing the steps of: 

5 

precipitating a dispersed suk>$tance while allcwing carbon and nitrogen to diffusely permeate from a surface by one 
or more treatments selected from carturization, carbunzation/cartx>nHnding and cartxmitriding; and 
forming a martensite phase subsequently to or independently of the dispersed substance precipitating step, by rap- 
, idly cooling from the austenite temperature region of steel. 

10 

[001 7] Orie of the features of the invention resides in that a fine nitride and/pr fine carbonrtride having at least an aver- 
age grain size of 0.3 |im or less is essentially dispersed in a contact surface structure, so that a multi phase structure 
is formed which comprises disordered martensite as a parent phase, the martensite being divided into much finer 
pieces k)y the nitride and/or carbonitrlde. compared to the conventional lenticular martensita In addition^ the Invention 

IS uses a steel in which a carbide (cementite) of 3 ^ or less Is dispersed thereby reinfbrcnng its surface, 20 to 80 % by 
volume residual austenite is added as a structural component thereby Improving toughness, and at least 0,3 to 3.0 wl% 
Al is contained thereby improving resistance to dust contained in a lut>rlcant and to inclusions contained in the steel. 
[0018] The invention is also associated with a method of producing a high surface pressure resistant part through the 
steps of: applying cartxirization, carbonltriding or carburization/carbonrtridtng to a steel material to cause prec^>itatlon 

so of extremely f nne AIN in an amount of 0.5 to 4.5 wt% (when this amount is represented on the basis of percentage by 
volume, the figure is atx>ut 2.4 times the figure represented by percentage by weight) by use of nitrogen which is per- 
meated from the surface; precipitating cementite having an average grain size of 3 pm or less in an arrK>unt up to 30% 
by volume; and starting quenching or quenchingAemperif Ig from the range of temperature at which the parent phase Is 
austenite. It should be noted that the penetration depth of nitrogen should be arbitrarily adjusted according to the dis^ 

25 tance from the surface to the position where the maximum shearing stress occurs. The maximum shearing stress Is. 
generated by the maximum contact pressure (i.e.. Hertz's contact pressure) exerted on the rolling contact surface of an 
article to be produced. Generally, the penetration deptii of nitrogen is 1 mm or less arvl nrK>re preferably 0.5 mm or less 
in view of economical cartxirization/cartxMiitriding and ecorx>mical carbonltriding. 

[001 9] As noted earfier. most of the conventional techniques aim at tagh hardness and inprcsved tenpering-softenlng 
30 resistance. In terms of structure, they are Intended for prevention off an occurrence of surface craddng caused by con- 
tact stress. Therefore, there still remains the common problem that surface cracking once occurred cannot be prevented 
from spreading. 

[0020] The invention is not only intended to inprove the prior art in terms of prevention of an occurrence of surface 
cracking but also gives consideration, from the viewpoint of histology, to a vital action for retarding a spread of tracking 

35 after it has occurred at the surfaca After observation of the spreading route of cracking, rt has been found thsrt cracking 
spreading along lenticular martensite or lath martensite is an Important factor for the development of a reirifbrcemerit 
mechanism, apart from cracking spreading along the defects of a material (the defects include: inclusions and cart)ide- 
aggregations contained in a material; a grain t>oundary oxidation l^er formed at the stage of cartxirization or cartxiri- 
zation/cart>pnitriding; large cementite particles and their aggregations; an imperfect quenched layer formed at the stage 

40 of quenching; previous austenite sp-ain boundaries caused by segregation or quenching cracks). A leriticutar martensite 
partide In an ordinary cartxirized and quenched stmcture is comparatively large, that Is. about a few |im to tens of |im. 
and residual austenite particles of tow hardness are present around-a martensite partide. causing a situation In which 
a stress is likely to concentrate. Therefore, firing of the martensite is considered to be important However, even if 
austenite crystal grains are fined witii tiie intention of fining martensite (whfch is a measure usually taken), tiie size of 

4$ the martensite after fining is limited to about a few pm. and tiius, this measure has been fbuid to be ur^tisfactory as 
an innproved ireinforcement measure. According to tiie Invention, 1 to 15% by volume of a nftride and/or cartx>nifrkle, 
which tal^es the form of q^heres. rods or needles and most partides of which have a size of 0.1 iim or less^ Is so dis- 
persed in high concentration as to penefrate into the martensite partides whereby the wkith of a martensite particle can 
be considerably reduced to atx>ut 1 ixm or less. By virtue of the presence of a nitride and/or caitx>nifride serving as an 

so obstade. the martensite partides are bent or curved, structurally changing from a sirnple. lenticular configuration to a 
fine disordered configurafioa The Invention thus exerts resistance to a spread of crackirig. The above arrangement also 
has an effect on fine cfispersion of the resicbal austenfte disfrilxited around the martensite partides. Further, when a . 
part of the residual atistenite undergoes martensite transformation owing to contact sfress. it is formed nrito extremely 
fine, disordered martensite. It is conceivable that such fransfbrmation has the effect of causing a sii>stantial decrease 

55 in stress concentration which occurs when large lenticular martensite particles collide with one anotiier. Such transfbr- 
niatk>n also nutigates tiie concentration of tensile resicfaal stress in the residual austenite existing around tiie lenticular 
martensite. which, conceiva!^. has tiie effect of preverrting a spread of craddng along the martensita 
[0021] As the cfispersed substance, a precipitated substance much finer tiian the previously disdosed cementite Is . 
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necessary (it should be noted, as shown in Photograph 1 {described later), fining of martensrte is hardly achieved by 
cementite precipitation). Therefore, the invention is arranged to chiefly precipitate a fine Al nitride through cartx)nrta'id- 
ing. The A! nitride has the following characteristics. It has markedly little solid solubility with respect to the parent phase 
of austenite. The Al nitnde is negatively larger than cementite in free energy for forming a dispersed substance from the 

5 parent phase (this means that the Al nitrkle can be more stably predpitated than cementite). Additionally. It does not 
react with cart>on originally contained in the steel, forming a carbide. It has precipitating speed much slower than the 
growing speed of cementite which starts to grow at the same time that Al nitnde precipitation starts. The precipitation 
of tiie Al nitride is not a factor of substantially impairing the quenching characteristics of steel. 
[0022] The contact surface of a part subjected to rolling nrKSvement accompanied witii sliding is damaged, not only by 

10 cracks on the surface and in its vicinity, but also by wear and seizure at the outermost surface. It is possible to combine 
the known technique of the prior art with the at>ove-desa3>ed arrangement of the invention for improving surface 
strengtii and wear resistanca For instance, cementite of a few pm may be dispersed in high concentration by caiburi* 
zation to ensure high surfece hardness. 

(0023] The at)Ove-described carit3urlzation/cart>onitriding treatment is performed in cases where the cartx>n concein- 
75 tration of a steel at an early stage is tow like case hardening steel. On the otiier hand. In the case of high-cartxx) steel 
having caitx>n content as high as bearing steel, satisfactory improvement in surface pressure strength can t>e assured 
by precipitating a nitride only by cartx)nitriding at 800 to 850"C in an atmosphere in which decartxinzation does not 
occur. It will be understood tiiat aJtiiough a bearing steel such as SUJ2 has a structure in whk^ granulated cementite 
having an average grain size of 0.3 to 1 .0 jim is dispersed in an amount of about 1 to 2.5% by volume, the configuration 
of the martenstte In the quenched structure Is lenticular and therefore the improvement such as achieved by the mar- 
tensite conf^uration of the invention cannot be obtained with the akx>ve amourrt arxf size of granulated cementite. 
[0024] In view of the fact that the structural transformation descril^ed in the previously disclosed technique (Japanese 
Patent Publication (MOKAI) No. 8-120438) is sul>stantially equivalent to ttiat of a bearing steel such as SUJ2 in temns 
of tile size and amount of precipitated cementite. it is conceivable tiiat the martensite parent phase of this publk^ati'on 
25 is lenticular martensrte. TTie steel disctosed In the publication No. 8-120438 differs from bearing steel In tiie addition of 
V, but V does not have a stirong influerKe on the configuration of martensite parent phase for the following reason. V 
can be dissolved in an amoint up to about 0.28 wt% at a cariburized surface at a temperature of 930*C (carburizing tem- 
perature). VC does not precipitate in a sut)stantial amount txjt most of V is dissolved In cementita In a case where V is 
added in an amount of 1 wt% which is tiie maxunum amount disclosed in ttie publication, about 0.5 wt% V is ab^eady 
30 precipitated as a VC spedal carbkJe In the steel material. 0.28 wt% V is cEssolved in austenite; and tiie remaining 
amount (i.a. 0.22 wt%) of V is expected to precipitate as a fine cart>kle during the caitxjrizing process. The precqDitati^ng 
amount of a VC cari>kJe Is about 0.25% by volume which is very small compared to the predpitating amount of cement- 
ite disclosed in the errtfxxJiment of tiie invention. 

[0025] As a measure of lesserting ttie stress concentration occum'ng when the inclusions of the steel or dust included 
35 in a lubricant is entangled, the known technique of adjusting the amount of resklual austenite is combined with the 
above<lescribed technique of tiie invention. In view of the feet ttiat the roller pitting life of the steel drops, when shot 
peening Is applied to the steel of ttie invention as described later, after carburization/cartxHirtriding and quenching so 
that tiie amount of residual austenite in the surface layer is reduced to 10 to 15% by volume, tfie amount of reskfial 
austenite is established at 20% by volume or more and the upper limit of residual austenite is generally established at 
^ 80% by volume. If the amount of residua! austenite is 80% by volume or more, wear resistance will decrease, ft should 
be noted tiiat ttie preferable amount of residual austenite is 20 to 60% by volume. 

[0026] The quantitative control for reskiual austenite is carried out tTy controlling cartx>n potential and nitrogen poten- 
tial at the time of carburization/cartxxutrkiing or cartx^nitiiding. In addition to the quantitative control, a mechanical pres- 
surizing treatmertt such as shots or rolling or a tiiermal treatinent such as subzero treatment is applied to tiie suri^e 
45 to transform ttie resklual austenite phase to martensite. and a final adjustm^ Is made from the viewpoint of the opti- 
mization of tiie surface hardness of steel. 

{0027] To attain a fine nrtride andAor carbonitride witiiin the above mufti phase structure, ttie amowit of Al is eslab- 
^ lishedat 0.3 to 3.0 wt% and the amount of nitrogen contained in the surface is generally- established at 0.4 to 2.5 wt%. 
When taking into account the r^ationsfiip with the amount of Al (described later), the preferable amount of nitrogen is 
50 0.7to1.7wt%w 

[0028] It has been confirmed ttiat with Al In amounts of 0.2 wt% or more, the above<lescribed f'uiing effect on mar- 
tensite as well as an improvement in surface pressure strength can be achieved. The upper limit of tfie amount of Al is 
not strictly fimited. but is generally 3 wt% or more and preferably 0.5 to 2wt% in view of the fact that addition of Al In 
amounts of 4 wt% or more causes precipitation of a ferrite phase in the Internal structure of the steel of tiie high surface 
55 pressure resistant part and impairs tfie processability of the material. 

[0029] Arthough the nitride dispersing effect obsen^ed in addition of Al may be expected by addition of V, the sul>stan- 
tial amount of V effective in nitride dispersk>n Is 0.2 wt% or less, which cannot achieve the same effect as obtained tyy 
addition of Al. The steel of ttie invention may be arranged to contain a cail^e (cementite) precipitated on its surface in 
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an amount up to about 30% by volume in order to further innprove wear resistance and tempering-softening resistance, 
and arranged to contain 0.5 to 5.0 wt% Cr and/or 0.2 to 1 .0 vrt% V for the purpose of adjusting the average grain size 
of the precipitated cementite to 3 iim or less thereby preventing the decrease of fatigue strength due to the dispersion 
of the carbide. It is more preferable to employ these anrangements in combination with addition of Al. 
* [0030] In cases where the main purpose of addition of V is not prec^itation of a nitride but fining of the cementite 
present on the surface, tiie upper linrdt of V is a few wt% on assumption that high temperature carburization at 1 .100 ^'C 
(tills is normal temperature) is carried out Takvig the cost into account, the upper limit of V ts established at 2 wl% in 
the invention. 

[0031] It is known ttiat an Al nitride and/br Al caitx>nitride is most f ofiely predpitated on the outermost surface and its 
'0 grain size increases std^stantially in proportion to the depth of a region from tiie surface In practice, when permeating 
nitrogen at a temperature of 900*'C or less, ttie average grain size is 0.3 pm or less in the region extending from tiie 
surface to a depth of 0.5 mm below the surface. Generally, shearing stress generated by contact stress Is maximum In 
the region extencfing from the contact surface to a 6e0h of 0.5 mm below the sur^ce in many cases and tiierelore there 
Is no prbblem. For finely dispersing the precfpitated Al nitride and/br Al carbonltride^ it is important to set a low temper- 
IS ature for tiie stage of nitrogen permeation. To ensure tiie quenching characteristics of tiie steel, the temperature at 
which nitrogen is permeated is preferatsly 800 to SSO^'C. 

[0032] It will be understood from the above description that terrp^'ng-softening resistance can be remarkably 
iirproved by martensite in which an extrem^y fine Al nitride and/or Al carbonitride is densely dispersed and ttie 
improvement of tempering-softerting resistance leads to an improvement in surface pressure strength. 

» [0033] The martensite is divkled by the fine Al nitride and/or Al cart>onitride so as to have a grain lengtti of about 1 
fim in the vicinity of the outermost surtece. The martensite is so fined that its tissue is opt-microscopically indistinct 
Such martensite is thought to have a significant effect of preventing cracking due to fatigue in the surface region. 
[0034] The carbon concentration of the steel at its surface cfciring carburizatlon/carbonitriding and/of caibonitriding is 
established at at least 0.6 wt% or more in order to attain surface hardness, while tiie nitrogen concentration is estab* 

?5 lished at 0.4 wt% or more in order to adjust the amount of residual austentte to 20% t>y volume or mora The upper limit 
of nitrogen content is allowed to vary according to the maximum value of Al concentration and establ^ed at 2.5 wl% 
or less in order to adjust the amount of residual austenite to its maximum value, that is, 80% ty volume. The preferable 
amount of nitrogen Is 0.7 to 1 .7 wt% when taking tiie above-noted range of Al content into account Cementite precipir 
tation increases as caitxm content Increases after carbon content exceeds 1 .1 wt% The average grain size of cement- 

30 ite should not exceed 3 pni in order to prevent tiie agglomeration of cementite theret>y preventing the decrease of roller 
pitting strength and rotary bending fatijgue strength, and the amount of cementite precpttation with which the cementite 
grain size does not exceed 3 ^rni is about 30% 1^ volume To adjust tiie amount of cementite precqDitation to 30% by 
volume, tiie upper limH of cartx>n content is estabfished at 3.0 wt%. It should be noted tiiat if ttie carbon content is 3.0 
wt% or more, it becomes difficult to prevent the aggk>meratk>n of cementite particles even by addition of Cr and V and 

35 as a result ttie decrease of bending fatigue strengtti and pitting strengtti cannot be effectively prevented. 

[0035] For fine cementite precipitation, it is necessary to add Cr in an amount of 0.5 wl% or more. An addition of V rnn) 
an amount of 0.2 wt% or more in combination witti a Cr addition is more effective, because of ttie influence of the alloy 
element on the grain size of cementite precipitating in tiie austenite parent phase. More specifically, an alloy element 
which is more likely to concentrate in cementite at the predpilating temperature, makes ttie cementite finer (t.e^ where 

40 the concentration of an alloy element in cementite / ttie concentration of an aDoy element in ttie austenite parent phase 
3 distribution coefficient KM. an altoy element Is vnore likely to concentrate in cementite. making ttie average grain size 
of ttie cementite smaller witti increases In the di5trt>ution coefffcient KM of the altoy element). Of ttie alloy elements 
generally used in orcfinary steel for machine structural use, Cr and V have a large distribution coefficient and therefore 
they have the strong effect of flrung cementite. (According to the survey made by tfie inventors at a temperati£re of 

4S 900«C. ttie distribution coeffident KCr of Cr is 6.4. tiie distribution coefficient KV of V is 12.3. the dislrtoution coeffknent 
KMn of Mn is 2.1 . ttie cfistribution coeff k:ient KMo of Mo is 3.5. and ttie distribution coeffkaent KNi of Ni 0.22.) Al has 
littie solid solubility witti respect to cementite and therefore does not effectively work on fning of cementite. However, Al 
exerts a fining effect although it is littie, since Al needs to be f6rc9>ly expelled from cementite during the grow of cement- 
ite particles. Therefore, in cases where, a large amount of Al is added like the invention, it works effectively. Precpitation 

so of cementite in an amount of 30% by volurne allows Al to stgnificantiy concentrate in tiiei austenite parent phase, pro- 
moting the reaction of Al and permeating nitrogen to predprtate an Al nitride and/br Al cart>onvtrida Accordingly, ttie 
synergistic effects of cementite predpitation and Al precipitation can be expected. The upper limit of tiie amount of Cir 
is 5 wt% or less in view of the balance between quenching cfiaracteristics arxi cost 

[0036] The steel for machine structural use employed in the invention contains Al as an essential element and further 
^ contains at least one element selected from V and Cr. To attain strengtti at the core of ttie high surface pressure resist- 
ant part, ottier elements should be added in ttie folfowing ranges. 

{0037] C is an essential element for imparting ttie desired strengtti to tiie core. Generally, steel material for gears 
needs to have a cartx)n concentration of oboui 0.1 to 0.5 wt%. Bearing steel, to whkrfi carburization tteatment is not 
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applied when rt is a finished product, generally contains carbon in an amount up to 1 .2 wt% and undergoes the sphe- 
roidizing treatment. If carbon content exceeds 1 .2 wt%, the agglomeration of cementite is promoted by spheroidizlng of 
cementite, so that the desired rolDng life cannot be expected For the above reasons, the carbon content of the steel 
material used in the invention is preferably estatslished at 0. 1 to 1 .2 wl%. 

[0038] Generally, Si is inevitably used as an ordinary element In an amount of 0.2 wl%. Si is also used conventionally 
as an element for enhancing tempering-softening resistance, and in such a case, the amount of Si is 1 wt% or less. Si 
can be expected to provide a martensite fining effect in carbonitriding like Al, but Si promotes grain boundary oxidation 
and causes variations in carburizing characteristics. Therefbre. ttie amount of Si Is prefersibly Rmited to 1 wl% or less. 
100391 Mn, Hi and Mo play an important part respectively in the quenching characteristics obtained after carburiza- 
tion/carbonitriding and/or cartonitrkfmg. ft is prefenred for the invention to use them in amounts witiiin ttie ranges which 
are usually adapted in steel for machine structural use (For instance, Mn = 0.1 to 1.5 wt%: N » 0 to 4 wt%; Mo » 0 to 
1 .0 wt%; trace amounts of boron) 

(00401 rsttx Ti and Zr are added in slight amounts for the purpose off fining tiie crystal grains off steel material. In the 
invention, it Is preferred to use ttiem within the range usually adapted. They are also expected to function as a nftrkJe^ 
forming element like Al, contributing to prec'fxtation of a fine nitrida However, they are highly reactive to carbon, when 
contained In steel material so that ttiey precipitate In most amounts prior to carburization/cartxxiitriding andtor caitx>n* 
itriding. Therefore, they need to be added in large amounts in order to precipitate a nitride^ reacting witii permeating 
nitrogen, which costs very high. In the Invention, taking tfie above facts Into account their use is Fimited to fining tiie 
crystal grains of steel and the amounts of them are therefore limited to tfie range of from 0 to 0. 1 wt%. 
[00411 Ca, S and Pb are usually added for the main purpose of improving machlnability. To acfveve irrproved 
machinability, the amounts of tiiese elements are preferably adjusted according to their purposes of use in view of the 
object of the invention, that is, improved surface pressure strength. 

[00421 As described above, fhe surface carbon content and surface nitrogen content bf steel are controOed by carbu- 
rization/carbonitriding and/or cart)onilriding, thereby positively adjusting tiie amount of residual austenlte remaining 
after quenching in a region dose to the surface layer. It is also possible to adjust tfie amount of residual austenite by a 
, physical or thermal means such as ttie alx>ve-noted shot peening or subzero treatment The rolling life of steel having 
residual austenite. the amount of which has been reduced to 1 0% by volume or less by shot peering, tends to vary sig- 
nificantfy (ttie amount of residual austenite was obtained ty the X-r^ analysis conducted from ttie surface layer). It was 
also observed tiiat the surface pressure strengtf) of steel tends to be statrfe by tiie presence of residual austenite in an 
amount of 20% by volume or more. If 80% by volume of residual austenite is present wear in tiie rolling surface 
progresses at such a rate tiiat tiie rolling surface is worn out eariier than ttie rolling life and ttie surface hardness of ttie 
steel considerably decreases. Therefore, the preferable amount of residual austenite is 20 to 60% by volume in tfie 
regon extending from the outennost surface to a deptti of 50 prn bekyw tfie surface and 20 to 80% by volume In tfie 
region extending from the surface to a depth of O.Srrm 

[0043] The carburization, carburization/carbonitriding and/br carbonitriding treatment of tfie Invention t& earned out in 
tfie following way. After carburization is once perfbmied at 900*^0 or more, temperature is decreased to about 850 "^C. 
Then, a cartx)nitriding atmosphere is established with ammonia gas being additionally introduced and cartXMiitriding is 
camed out witfiout decarburization or by carburization. An alternative treatment is as follows. Alter carburization has 
been carried out at a high temperature ranging from 930«»C to 1 . lOO'C to obtain surface carbon content witfiln tfie range 
of from 1.1 wt% to about 2 wt%, temperature fa once dropped to Ai-point temperature or less and tfie stmclure fa 
changed to balnite, martensite or pearlle. Then, the steel is reheated to A^-point temperature or more, and vi*iile fine 
granufate cementite being precpitated or dispersed at temperature of 900*»C or less, caritwn and/or nitrogen fa diffusely 
pemn^ed rn tfie cartxirizatfon/carbonitriding atmosphere or in tfie carbonitrkfing atmosphere. Wrth ttiis process, tfie 
carbon content of the resultant steel is made to be up to 3.0 wt% and tfie nitrogen content is made to be up to 2.5 wt%, 
witfi which ttie amount of cementite does not exceed 30% by volume. 

[00441 The caft3urizatibnAcaitM>nitriding and/or cartxxiitriding of tfie invention is not fimrted to a particular metiiod. The 
ordinary gas carftxjrization/carbonitriding or gas carbonitriding treatment may be adapted. Alternatively, cartxiriza- 
^ tion/carbonitriding or carbonitriding canried out under a reduced gas atnx)sphere or ptesma atmosphere may be 
employed. In any cases, processing time may be acQusted so as to meet tfie above-descrtoed carburization/carbonitrid- 
ing or cartx>nftridtng conditions. 

[00451 In the invention, extremely fine nitrides are densely, dispersedly predpiteted in ttie rolling surface layer of a 
gear or bearing in ttie cartxirization/caribonitriding and/or cartx>nitriding process by effectively adcfing nitride-forming 
eleniente such as Al and V In tfie subsequent quenching process, disordered acicular martensite finely divided by ttie 
precipitated nitride or cartx>nitride is fornied in tfie parent phase in order to restrict tfie occurrence and spread of crack- 
ing due to fatigue in tfie vicinity of tfie surface when tfie resultant article is in rolling operation. Accordingly, ttie surface 
pressure strength of the part for use in high surface pressure applications can be dramatically increased. 
[00461 In addition, la nitride andfor carbonitride containing Al as a chief component is used as tfie di^ersed substance 
for effectively dividing arid fnning tfie lenticular martensite. By tfie use of Al. tfie preqpitate can be extremely fwied. Al fa 
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not reactive to cartx)n originally contained in the steel and substantially all of its amount can be effectively used in fomv 
ing the precipitate in the reaction during the carburization/carbonitriding and/or carix)nitriding process. In addition to the 
dispersion effect of the At nitride and/or Al carbohitride^ surface pressure strength can be increasingly improved while 
presenting the decrease of fatigue strength/ by adding Cr and V to steel material to dispersecDy precq3itate a large 

5 amount of fine cementte having a size of 3 ^m or less at the surface of the material. 

[0047] After the above-desCTfl>ed caitxirization/cartx>nllriding and/or cartxmitriding process* oP quenching or watw" 
quenching is carried out to harden the cart)uri2ation-cart)onitrided/cartDonitrided part so that a hard layer, in wfiich mar- 
tensfte is fined by an extremely fine, precipitated Al nitride and/or Al cartx)nitride» can be formed and the resultant part 
has superior pitting resistance. Quenching preferably starts from a temperature equal to or higher than the A^ point 

10 trar)sition temperature of steel Alternatively, quenching is carried out by reheating to a temperature equal to or more 
than the Ai point temperature after coolinig to a tempOTlure lower than the A^ point temperature. In the case of the steel 
of the invention in which an Al nitride is precipitated, the crystal grains of the caibonitrided layer can be easily rnned to 
have an average grain size of about 5 ^m or less by reheating quenching, and this contributes to an improvement bi 
rotary t>ending fatigue strength. 

IS 

Brief Description of the Drawings 
[0048] 

20 FIGURE 1 is a side view of a specimen of a high surface pressure resistant steel part prepared according to one 
embodiment of the inventioa the specimen being used for rotary berxiing tests. 

FIGURE 2(a) and 2(b) are side views of specimens of a small roller and a large roller respectively, these specimens 
k>elng prepared according to the enixxllment and used for roller pitting tests. 

FIGURE 3 IS an explanatory view of a caiburization/carlxMnitriding treatment according to the. embodiment In which 
25 no cementite is precipitated in a cartxirization phasa 

FIGURE 4 is an explaratc^-y view of a carburization/caftx)nrtriding treatment according to the emtxxJiment in which 
cementite is precipitated in a cartxjrization phasa 

FIGURE 5 is a process diagram of a cartx>nitriding treatment accordng to the embody 

FIGURE 6 shows the results of tests, for cheddng the pitting life of small rollers after undergoing the carbiiriza- 
30 fion/cart>onitrlding treatment according to the embodiment 'm which no cementite Is precq>itated In the carburization 
phase. 

FIGURE 7 is photographs which show, for comparison, the metallographic structures of Specimen Na 6 (prepared 
according to the embodiment) and Specimen Na .1 1 , at regions in the vicinity of their respective surfaces. 
RQURE 8 is high magnificatbn photographs showing the metallographic structures of Spedmens Nos. 6 and 11 
35 at the regions extending from their respective outermost surfaces to a depth of 100 

RGURE 9 is photographs of the metallographic stnictures of Specimens Nos. 6 and 1 1 at the surfece, showing the 
result of a nitrogen analysis by use of EPMA. 

FIGURE 1 0 shows the pitting life of rollers at their caitxxittrided surfaces formed by quenching subsequent to the 
carburization/caitx>nitriding treatment of the embodiment 
40 FIGURE 1 1 shows the pitting life of small rollers after undergoing the cartxflizationAcartx>nitricfing treatment of the 
entediment in which cementite is precipitated In the carburization phase. 

FIGURE 12 shows the rotary bending tetigue strength of the specimens after undergoing the thermal freatment of 
the cartxjrization/cartxxiitriding treatment of the emtxxliment in which no cementite is prec^rtated in the cart»iriza» 
tion phase. 

45 FIGURE 13 shows the fatigue strength of rotary bending test specimens to which shot peening is appOed subse- 
quenUy to the thermal freatment of the caifourization/cartxyiitriding treatment of the embodiment ini which no 
ceme^e is precipitated in the carburization phase. 

^bst Modes for Canrying out the Invention 
so . . . ■ . .. 

[0049] Referring now to the drawings, there will ft>e explained high surface pressure resistant steel parts and itiethods 
for producing thereof according to preferred embodiments of the invention. 

[0050] TABLE 1 shows the compositions of steels prepared according to the invention and steels prepared for the 
purpose of conparison. The carlx>n contents of these specimer« range from 0.2 wt% to 1 .1 wt%. A cartx>n content of 
55 0.2 wt% Is often employed in the manufadure of case hardening steel for gears and the like^ while a caitx>n content of 
1.1 wl% is often ennployed in the manufacture of niedium cartxvi steel and SUJ2 that is a representative example of 
bearing steel. Specimens No. 1 to 8 are prepared with the intention of checking the effects of additions off Al arxl V. With 
these specimens, the dispersion effect of an Al nitride and/or Al cart)onitride was checked. Alsa the combined effects 
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of dispersion of fine cementite and dispersion of an Al nitride amt/br Al cart>onitride were checked. Specimens Nos. 9 
to 12 are medium caxbon steel, SNCM420H. 420H and SUJ2, respectiveiy and prepared as comparative examples. 
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[0051] After casting, tfiese sample steels were sutsjected to hot fbrpng and normalizing and then formed into sped- 
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mens for rotary bending tests and small roller specimens for roll«^ pitting tests, as shown in FIGURES 1 and 2. For pre- 
paring large rollers for roller pitting tests, SIU2 was quenched and tenpered so as to have a hardness of Hr C64. \n 
the present embodiment, caft)urizatbn/cartx>nltriding and carfx)nitriding treatments are canried out through the proc- 
esses shown in FIGURES 3. 4 and 5. During the carburization/cartx>nltriding and carbonitriding treatment. cartKxi 
5 potential Cp is adjusted by controlting the CO2 gas concentration of cartxirlzation gas and nitrogen potential Np is 
adjusted by controlling the flow rate of ammonia. 

[0052] FIGURE 3 shows a cartxjrizaton/carbonitrkfing treatment in which carburization is carried out at 930''C while 
atifjusting Cp to 0.8 wt%k and ttten, carborutriding is earned out at OSO^'C. THs treatment is arranged so as not to pre- 
cif^ate cementite during the caitxirization phase and so as to precipitate Al nitrides during the caiix>nitriding phase. 
10 However, when using steels containrig Cr in amounts of 1 wt% or more, there are some cases where a small amount 
of cementite precipitate. The reason for this is that when controlling Cp, the difficuity of controlling the percentage 
(0^5%) of CO2 in RX gas (carburization gas) is avoided. But. such cementite precipitation has no probTem in adiieving 
the substantial effects of Al additions. 

[0053) FIGURE 4 shows a process in which Cpis set to 1.4 wt% and precipitation of cementite is positively promoted 
15 during the carburization phase and at the same time, precipitation of lan Al nitride is promoted by cariborritriding at 
850*0. 

[0054] FIGURE 5 shews a process in which cartxxiitriding at a temperature of 830^0 is appGed to Specimens Nos. 8 
and 12 having carbon content as high as high cartxH) bearing steel. It should be noted that the tendering treatments 
applied to the specimens were an canried out at a temperature off 160^C lor two houre. 
20 [0055] AH the specimens undenKrent cart>onitridiftg at OSO^'C so as to have a nitrogen penmeating depth of about 0.2 
mm. 

[0056] After the thermal treatment, the cart>on and nitrogen concentrations of the surfece layer of each specimen were 
obtained by analyzing the section of the specimen at appropriate time EPMA pc-ray nvcro analyzer) which utaTtzed 
analytical curves. An Al nitride and/br Al cartDonitride which prec^Hlated in the layer dose to the surface and the mar- 
2S tenslte structure were observed, using an optical microscope and a scanning electron microscope prcperly. The 
amounts of residual austenite and residual stress in each specimen at a position close to the surface layer were meas- 
ured after applying electrolytic polishing to the surface. 

[0057] A roller pitting fatigue test was conducted under the following conditions. Each small roller specinien shown in 
FIGURE 2 was pressed against a large roller made of SUJ2 and the surface pressure strength off the small roller spec- 
do imen was evaluated under the conditions, that is, a revolution speed off 1.050 rpm. a slip rate of 40%, and a surface 
pressure appropriately varied withun the range of from 250 to 375 kg/hrim^. The pitting Hfe of each small roller was eval- 
uated on the basis of the number of revolutions until one pitting defect is created in the small roller. In the roller pitting 
tests, when no pitting was found within the revolutions of 20-30 x 10^ times, no more revolution was carried out after 
that. 

35 [0058] The bending fatigue strength of each small roBer was evaluated with a revolution speed of 3.600 rpm and the 
\MX of the number of revolutions was 20 x 1 0^ times. 

[0059] FIGURE 6 shows the pitting life of each small roDer specimen which was carburized and cait)onitrided under 
the conditions shown in FIGURE 3. The lower limit of tiie variation of pitting fife is represented by dashed line in FIGURE 
6 on ttie basis of the pitting life of Specimen Nos. 9 to 1 1 which contain substantially no Al. It is apparent from Specimen 

40 Nos. 1 . 4. 5. 6. 7 and 8 which contain Al in amounts of 0.3 wt% or more that pitting life inaeases as the amount of Al 
increases. Espedally Specimens Nos. 4 and 6. which contain Al in amounts of atxxJt 1 wt%. exhtt>ited such high surtece 
pressure strength that no pitting was created In most of ttie samples even under Hertz's contact pressure of 375 
kg/him^ which is the maximum surface pressure employed in this emtxxiiment. The significant effect of an additi'on of 
Al can be admitted even in Specimen No. 5 which contains 0.31 wt% Al. Specimen Na 7 containing 2.53 wt% Al exNb- 

45 its a shorter pitting life than Specimens Nos. 4 and 6 for the following reason. While Specimens Nos. 4 and 6 have a 
nitrogen carbonitriding depth of 0.2 mm. Specimen Na 7 processed under the conditions shown in FIGURE 3 has less 
permeating depth wfiich varies vtnthin the range of from 0.05 to 0.12 mm since the cartxirizing time for it was insuffident. 
The pitting Hfe of Specimen Na 7 can be improved by extending the time of <^rtxirizatioh at 850^0. In Specimen Na 2» 
Which contains sut>stantiany no Al but contains 0.42 wt% V. the effect of addition of V can be slightly admitted, but this 

so effect is not significant compared to the effect of Al addition. It is understckxJ from the fact ttiat Specimen Na 3 contain- 
ing 2.85 wt% Cr was not Improved in pitting IHe that ttie effect of adcfition of Cr is not important and Cr does not react 
with permeating nitrogen under the cartsurizing/caitxmitriding conditions off the invention in wfvch cementite is not 
activety prec^itated. 

[0060] FIGURE 7 shews, for comparison, the metaflographic structures of Specimens Nos. 6 and 1 1 at regions near 
55 their respective surfaces. Specimen Na 6 is a representative steel containing Al whereas Spednien Na 1 1 is its com- 
parative material. As seen from FIGURE 7. extremely fine martensite is precipitated in tiie region near the outermost 
surface in Specimen Na 6. and the average length of the martensite particles Is about 1 ^m or less. The martensite of 
Specimen No. 6. which is ct^erved as acicular martensite 1:^ an optical micrpscope. is composed of a linkage of such 
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extremely line martenstte particles and accordingly, distinclly differs from its conparative material in the stnictural con- 
figurafion of martensite. FIGURE 8 shows high-magrification photographs showing the metaUographic structures of 
Speamens Nos. 6 and 1 1 at the regions extending from the respective ootennost surfaces to a depth of 100 |im tOatt 
the surfaces. It is seen from FIGURE 8 that the martensite of Specimen fto. 6 includes unilbnnly dispersed an Al nitride 

s having an average gram size of 0.3 |im orless and the martensite is fihe^ dvided into pieces having a width of about 
1 urn orless tjy the fme Al nitride and/or Al carbonitride. forming a disordered martensHa configuration. Although a small 
amount of cementHe having a grain size of alxxjt 0.1 to 0.2 pm is precipitated in the conparative material of Specimen 
Mo. 1 1 . the martensitic structure of this material is substantially lenticular nartensite having significant linearity. Obvi- 
ously, the dispersion of cementite having the above size level does not have the effect off ining martensite. It is observed 

,0 in Specimen Na 6 that, apart from fine gramdar ones, a considerable amount of Al nitride areVor Al carborntride parti- 
cles having a shape of f Bjer (rod) is precipitated on the suiface and the diameter of ttiese nitrides and/or carbonitride 
partides » 0.3 urn or less. One of the features of the invention resides in such a short faw-like precipitation fbnn which 
has strengthening effects. 

10061 J FIGURE 9 is photographs of the meiallographk: structures of the surfaces of Specimens Nos. 6 and 1 1 . show- 
18 ing the result of a nitrogen analysis by use of EPMA. TTie nitrogen concentrations of Specimens Nos. 6 arid 1 1 are 1 .2 
wt% and 0.7 wt%. respectively. Although the surface nitrogen concentrations of Wie specimens largely vary accoiding 
to Al concentrations, the amount of nitrogen changed to AIN is substanttaUy ec^ to the amount of nitrogen calculated 
from the stoichiometric composition of AIN, on assumption that Al which has been added is all changed to AIN. Sped- 
menNa 6 contains the desired amount of cartMn. 

t0062] ft has been confirmed by the X-ray analysis that the amounts of resUual austenite at the respective suifece 
layers of Specimens Nos. 6 and 1 1 substantially faB in the range of from 40 to 60% by volume. Regaiding the amount 
of residual austentte in the region extending from the outennost surface to a depth of 20 pm. Spedmen Na 6 containing 
Al surpasses Spedmen No. 11 byanamountof about 12% lywoluma As a whole, the amount of residual austenite in 
a structure quenched after the caiburization/caibonitriding process is hij^ily dependent on the amount of penneated 
nitrogea axnt fe confirmed that aO of the spedmens prepared according to the entxxfiment contain nitiDgen in 
amounts of 30% by volume or nwre. 

obseroe the influence of a caibonitrided surface portion aeated by quenching after the carburization/car- 
boiirtnding process on the roller pitting life of steel, the region extending from the surface to a depth of 0.10 mm and the 
region edending from the surface to a depth of 0.15 mm were respectively removed from the carbonitrided portion (0.2 
Moi « w"^^ ^" ® ^ undergone the carburizationfcaibonitriding process, and pitting was chedted. FIQ- 
K • Jiv^^tf""""^ ^ P*®*^ *^ applied to the surface fayer of Spedmen Na 6 wHh an arc 

height of 0.9. thereby redudng the amount of resicfcjal austenite at the surface to about 14%. The pittino resuH of this 
case IS also shown in FIGURE 10. 

[00641 It has been found that as the. amount of removal of the caibonitrided layer increased, pitting life marltedly 
decreased, and finally, the pitting strength of Spedmen Na 6 became substantially equal to that of the conparafive 
matenalwhidi had undergone the caiburizationA»ibonitriding process In wMdi the Al nitride having the effect of fining 
martensite was not precipitated, tt has been also fbund that the reduction in the amount of resMual austenite by shot 
peernng decreases the pitting life of, particularly, a steel subjected to the maximum surface pressure fi.e.. 375 kg/hmf) 
Of the present embodiment, but the adverse effect of shot peening is not as significant as the adverse effect of the 
rema«lofthecarbonitrided layer. It is well known that shot peening has the good effect of martwdlyhaidenhg the sur- 
face Of steel and creating high compressive residual stress and is also expected to bicrease pitting strength, wear 
resistance and bending fatigue strength. Hence, it ispreferable to utilize shot peening to such an extent that the amount 
Of residual austenite at the surface does not deaease to about 20% by volume or less. 

(00^ FIGURE 1 1 shows the pitting Rfe of small rdler spedmens Nos. 2. 3. 4, 6 and 1 1 which undenivent the caibu^ 
nzationfearbonilriding process in virfiich cementite was positiveV predpitated by permeating a high density of carbon 
under the conditions shown in FIGURE 4. FIGURE 11 alsoshowsthepittinglifeof Spedmens Nos. Sand 12 of bearing 
steel matenals ha>^ng a high density of caibon and cementite «fWd» is originally predpitated therein. These spedmens 
^eiwert the caitwnitnding process shown n FIGURE 5. The pitting Pife lower Gmil fine indicated by dashed foe in 
PKaUHE 6 « also shown as a reference for pitting Hfe evaluation HI FIGURE 1 1. 

P0661 It has been found that, generally, the pitting life of the comparative materials can be improved to a considerable 
©rtent ^ preapifaticn of cementite having a grain size of Sirni or less, and a further iirprovemerit in pitting lite can be 
achieved by addition of Al. The effects of cementite predpifation and Al nitride precipitation fbr fining martensite can be 
OBftncBy confirmed by. lor instance, the comparisons between the life of Specimens Nos. 3 and 4 and between the life 
Of specimens Nos. 8 and 12 having the level of bearing steel. Hence, the confined effects of the above two kinds of 
precipifation earned out in Bie invention have been confinned. 

10067] SpedmensNos. 2, Sand 11 have surface carbon contents ranging from 1.5 to 1.8 wt% and a structure where 
cementite having an average grain size of 2 to 5 jrni is precqpitated. Specimens Nos. 3 and 4 have surface caibon con- 
tents ranging from 2.3 to 2.6 wt% and a structure where cementite havbig an average gr^ size of 1 .5 to 2.5 iun pre- 
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cipitated. 

[0068] Cementite in Spedmen No. 1 1 (SCM420H comparative material) has a grain size of 5 and cementtte in 
Specimen No. 3 has a grain size of 2.5 (im. As the amount of Cr inaeases. the grain size of the predpitated cementite 
decreases, which is consistent with the prevnous report f=lner cem^fttite was ot)served in steels to which Al was added. 

5 It will be understood from the relationship between cartxxi content and the grain size of cementite arid from the struc- 
tural effects of Al nitride precipitation that the abcve-described effects bi improving pitting life are sut>stantiaily rational. 
[0069] FIGURE 1 2 shows the rotary bendng ^tigue strengths of Specimens Nos. 6 and 1 1 after applying the thermal 
treatment shown xi\ FIGURE a Since ah precipitated Al nitride layer caused by caitsonftridlng Is present In the surface 
layer (0.2 mm) of Specimen Nb. 6» there may be concern alxnit stress concentration due to the notching effect of bend* 

70 ing stress present at the surface. However, it is understood from the results shown in FIGURE 12 that there is no need 

to worry about such stress concentration. This is because the precipitated Al nitride is extremely fine, having a grain ( 
size of 0.3 ^ or less. FIGURE 1 2 also shows the rotary bending fatigue strengths of steels to which shot peening was 
appDedwithanarcheightof 0.9 and the substantially sarne effect of Specimen No. 11 can be observed from it As seen 
from this result Al nitrkie predpitation does not create stress coriceritra^ 

75 is applied to the surfaca The atx>ve effect can be also seen in the conrf>arison of the rc^^ : 
of Spedmens f^os. 8 and 1 1 (bearing steel) to wfuch ttie thermal treatment shown in FIC^RE 5 was applied. 
[0070] FIGURE 1 3 shows a comparison of the rotary bending fatigue strengtfis of Specimens Nos. 3» 4» 6. and 11 to 
which the thermal treatment of FIGURE 4 was app&ed. As noted eariien cementite having an average grain size of 
alx>ut 5|im is precipitated on the surface of Specimen Na 1 1 wIvTe the cementite precq^itated in Specimen Na 6 has -j 

20 an average grain size of atx>ut 2 iim. The rotary berKHrig fatigue strength of SpedrnenNa 11'^ 

those of the steels in wNch no cementite is precq>itated Sut)StantiaBy no decrease in strength is seen in Specimen Na \ 
6 in which the grain size of cementite is restricted to about 2 |im lay an additibn of Al. In view of this, it is preferable to 
apply a thermal treatment so as to restrict the average grain size of cementite to 3 |tm or less when precijpitating 
cemeritite on the surface. FIGURE 13 also shows the fatigue strengths of Spedmens Nos. 6 ari^ 

25 tests, which were subjected to thermal treatment and then to shot peening with an arc height of 0.9. Spedmen Na 1 1 
containing cementite large in grain size has not achieved a significant improvement in rotary k>ending fatigue strength 
while Spedmen Na 6 containing fine cementite precqsitated therein lias attained a significant improvement As seen 
from tNs result it is iinportant in view of fatigue strength, to restrict t^ 
bU it is rnore iiTiportarit to elirnlnate cementite agglomeration. Fi^^ 

so strengths of Specimens Nos. 3 and 4 to which the thermal treatment of FIGURE 4 was applied. It Is seen from this figure 
that even when the amount of cementite in Spedmens No. 3 and 4 is around 2S% by volixne. fatigue strength can be 
preverrted from remarkal^ly decreasing by fining cementite parttdes so as to fiave grain sizes of 2.5 pm arxl 1 .5 ^m, 
respectively. Hence, surface pressure strength can t>e improved without causing a decrease in strength by fining 
cementite. on condition that the amount of cementite is up to about 30% volume. It should, however, be noted that 

35 when allowing cementite preoption exceeding 30% volume, a large aniounto^ 

fanning coarse cementite partides so that a signrx^ant improvement in surface pressure strength cannot be expected. 
[0071 ] It is conceivatDle that the grain size of the predpitated Al nitride can be effectively reduced by setting the tem* 
perature of the cart>onttricfing process shown in FIGURES 3 to 5 to a low temperatura To employ a low cartHirizing tem- 
perature is also desiratJle for positively predpftating cementite l>y caitxnization as shown in FIGURE 4. Practically, it fe .> 

40 preferable to catty dU the cart>urization^cartx>nitriding and cartx)^ i 
[0072] According to the Inventioa after a iflne predpltate such as Al nitrides are formed by the cartxjrization/carixxii- ... % 
triding and/or cart>onitriding treatment martensrte created by quenching is extremely fined, whereby fatigue failure 
caused by contact stress can be decreased to a sigruficant extent One of the features of the invention resides in that 
the above effect can l>e easily, econpmicaBy achieved by use of steels contaurung inexpensive alloy elernents such as \ 

45 Al which do not cause a decrease in rotary i>ending strength. According to the invention, in tiie case of a steel in wAiich 

cementite predpHatibn fa allowed»AI can be expeOed from the cenie^ ? 
the parent phase will not be impaired. In addition. Al functions to fvie the predpitating cementite partides and effectively 
promotes the precipitation of Al nitrides c^'ng the cartx)hitricling process In consequence, the average life of the steel 

p»)arts sutsjected to rolling fatigue can l>e remarket^ raised. i : 

so [0073] Hence, the present invention is well suited for use In the manufacture of gears, cams» bearings, and similar 
high-strength and conpact steel artides whidi are requk^ 
ing or rolling-slq3ping fatigue. 

Claims 

55 

1; A high surface pressure resistant steel part containmg at least one of fine riitrides, carftndes and cartx>nitrides» 
which is (Aspersed in a surface structure and has an average grain size of 3 )im or less and having a miilti phase 
structure coriposed of martensite as a parent phase which is finely divided Into pieces by said dispersed sub- i 
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2. A high sui^ce pressure resistant sted part according to daf^ 
wherein the prevaiUng grain size of said dispersed sii>stance consisting of a fine nitride and/or carl)onitride is 0.3 
pm or less and the amount of said dispersed sut)stance consisting of at least one of fine nitrides and/or cart)oni- 
trides is 1% vohjme or nxxre. 

3. A high surface pressure resistant steel part accoiding to claim 1 , 
wherein said martensite of the parent phase is more adcular than the lenticular martensHe of an ordinary cartxj- 
nzed structure, is divided into pieces by a dispersed fine nitride and/or cartxjnitride having a width of 0.3 tan or less. 
IS mainV composed of fine martensite particles having a wkfth of 1 )im or less, and is considerably disordered. 

4. A high surface pressure resistant steel part accorcfing to claim 1 , 
further cprrtaining 20 to 80% by volume reskftial austenite hi said mutti phase structure. 

5. A high surface pressure resistant steel part according to claim 1 . 

wherein said carbides is mainly composed of cementrte having said average grain size and is dispersed in an 
anfX>untMpto30%byvolume. 

6. A Ngh surface pressure resistant steel part according to daiml, 

wrfilch is fonned from a steel containing 0.3 to 3.0 wt% Al, and containing 0.4 to 2.5 wt% nitrogen in its surface. 

7. A high surface pressure resistant steel part accoiding to cteim 1 , 

which is formed from a steel containing 0.5 to 5.0 wt% Cr and 0.2 to 1 .0 wt% V. and containing 1 .0 to 3 0 vrt% car- 
25 ton in its surface. 

\8. A high surface pressure resistant steel part according to daim 1 , 

having a carbon content of 0.6 to 3.0 wt% and a nitrogen content of 0.4 to 2.5 wl%. 

30 9. A high surface pressure resistant steel part according to any bne of daims 1 to 8. for use as a power transmitting 
partwhich is required to have contact fatigue strength and wear resistance and examples of which Indude rdBng 
members such as gears and biearings. the races d a rolling member, and cam components. 

10. A high surface pressure resistant steel part accoiding to any one of daims 6 to 8, containing inpurities and alloy 
elements such as Si, Mn, Ma Ni, B, S and P in amounts vnthin nomial ranges. 

11. A high surface pressure resistant steel part according to claim 10, for use as a power transmitting part which is 
required to have contact fatigue strength and wear resistance and examples of which indude rolling meiribers such 
as gears and bearings, the races of a rolDng member, and cam components. 

12. A method of produdng a high surface pressure resistant steel part from the steel described In any one of daims 6 
to 9, the method comprising the steps of : 

precipitating a dispersed substance while allowing cartx)n and nitrogen to diffusely permeate from a surface by 
45 one or more treatments selected from cartxjrization, caiburization/cartx)nilridlng and caribonrtriding; and 

forming a martensite phase in at least a surface l^er subsequently to the dispersed substance prectpltattng 
step» by rapidly cooling from the austenfte teirperature region of sted. 

^ 13. A method of producing a high surface pressure resistant steel part from the steel described in any one of daims 6 
so to 9, wherein after allowing carbon to diffusely pemneate from a surface by carburization, the steel is once cooled 
to a temperature equal to or less than the eutectoid transfbnnalion tenperature; then, at least a surface layer is 
rehuBated to a terrperature within the austenite temperature region of steel to disperse a granular carit>We under a 
carbunzing and carboriitriding atmosphere, while dispersing a nitride and/or cartx)nitride created from nitrogen and 
carbon which have been diffusely pemieated. and thereafter, the steel is rapidly coded to form a martensite phase. 

14. A method of produdng a high surface pressure resistant sted part according to daim 12 or 13. vvhich uses a sted 
having the altoy composition descrbed in daim 6. 7 or 9 and a carbon content of no more than 1 .2 wt%. 
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1 5. A method of producing a high surface pressure resistant slee! part according to claim 12 or13. wherein a physical 
treatment such as shots or rolfing Is applied to the surface of the surface pressure resistant steel part thereby 
transfornting a residual austenite phase to martensHe to adjust the amount of residual austerote. 

5 16. A method off produdng a high surface pressure resistart steel part according to da^ 

of caitxjn and/br nitrogen wttch pemoeates into a layer dose to the surface is controOed by at least one treatment 
selected from carburization, caiburizalidn/cartDonitridffig and carbonilriding. and wherein residual austenite con- 
tained in said multi phase structure is predpitated in an amourit of 20 to 80% by volume t)y rapid cooling from the 
austenite temperature re^on of steel. 

10 

17. A method of produdng a high surface pressure resistam steel part according to da^^^ 
the alloy composition described in dalm 6,7 or 9 and a carbon contert of no nriore th^ 

la. A method of produdng a high surface pressure resistant steel part according to dalm 1 7. wherein a physical treat- 
is ment such as shots or rolling is applied to the surface of the surface pressure resistant steel part, thereby trans- 
fbrrra'ng a residual austenite phase to marfensite to adjust the amount of residual austenita 
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